ABSTRACT. Rice is the most important food crop for the developing world. Hence, identifying rice genotypes to drought tolerance for using as donors in breeding is one of the most important challenges for rice research. Therefore, Molecular markers are useful tools to determine genetic diversity and identifying rice genotypes to drought tolerance. In the present study, A number of 41 rice genotypes with different drought tolerance from different geographic locations were evaluated for genetic diversity by using 15 SSR markers. A total of 68 alleles were detected of which 61(89.79%) were polymorphic. The number of alleles detected by a single marker varied from 2 to 8 alleles with an average of 4.71 alleles per locus. The polymorphic information content (PIC) values ranged from 0.07 (RM219) to 0.80 (RM263) with an average of 0.52. Genetic similarity coefficients of pair wise comparisons were estimated on the basis of the polymorphic microsatelite loci ranged from 0.23 to 0.91 indicating a wide range of genetic variation present among the studied genotypes. It was determined that the primers RM20A, RM302, RM212 and RM286 could be useful for selecting drought tolerant lines through MAS approach. The most significant application of these identified major QTLs for drought tolerance is to collect those favorable alleles into elite local line through marker assisted breeding. The results indicated the ability of SSR markers to identify the allelic diversity and genetic variation among the studied rice genotypes. These results recommended for using this material in future breeding programs to provide important source of genetic diversity for drought tolerance in rice.
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INTRODUCTION
Rice (Oryza sativa L.) is one of the agronomically and nutritionally most important cereal crops, providing a staple food for nearly half of the global population (FAO, 2004) . In Egypt, rice is one of the major water consuming crops and continuous flooding is the only method for irrigation. Rice occupies about 22% of the total cultivated area in Egypt during the summer season and it consumes about 20% of the total water resources. Due to the limited water resources in Egypt and increasing population, the total water requirements for rice crop caused a problem. Some rice cultivated areas especially that located at the end of the terminal canals in the northern part of the Nile Delta suffer from shortage of irrigation water during different growth stages, which are considered to be one of the most serious constraints to rice production in Egypt (Abd Allah et al., 2010) . One possible way to attain 43% increase in rice production without expansion of cultivation area in order to meet the demand of population growth is to breed drought-tolerant rice cultivars by using advanced stress-breeding methodology and molecular techniques (Salekdeh et al., 2002) . Genetic diversity is pre-requisite for any crop improvement program as it helps in the development of superior recombinants. It is a source of variation, which is raw material for any improvement work. Accurate assessment of the level and patternof genetic diversity is of great importance for crop breeding. Genetic diversity analysis is used for estimating and establishing of genetic relationship in germplasm collection, identifying diverse parental combinations to create segregating progenies with maximum genetic variability for further selection and introgression of desirable genes from diverse germplasm into the available genetic base (Islam et al., 2012) . Genetic diversity analysis guides breeders for rapid progress of breeding program.
Molecular markers are promising and effective tools for measuring genetic diversity in germplasm collection and elucidating their evolutionary relationships. Using molecular marker technology, it is now feasible to analyze the quantitative traits and identify the chromosomal regions associating with such characters known as quantitative trait loci (QTLs). Identifying such regions will help to increase the selection efficiency in the breeding program. Among molecular markers many systems had been used to identify and assess the genetic diversity and phylogenetic relationships in plant genetic resources. Simple sequence repeats (SSR) or microsatellites are simple, tandemly repeated, di-to tetranucleotide sequence motifs flanked by unique sequences (Hamada et al., 1982) . These markers become useful for genetic diversity analysis because they detect high level of allelic diversity, occur frequently throughout plant genomes, and easily assayed by PCR. Microsatellite markers have been extensively used for various purposes, i.e. to identify genetic variation among rice species (Ren et al., 2003) , to analyze genetic structure within the cultivated rice (Garris et al., 2005) , to evaluate genetic diversity among strains of wild rice (Shishido et al., 2006) and among cultivars of cultivated rice (Jayamani et al., 2007) .
The objectives of this study are to investigate the genetic diversity among forty one rice genotypes differing in their tolerance to drought using SSR markers for developing unique fingerprint for each genotype, and to identify SSR markers linked with some drought tolerance traits or QTLs, and to identify the best genotype to be used as donors for water stress tolerance in breeding program in the future for development of new rice varieties that are equally beneficial for farmers and the scientific community.
MATERIALS AND METHODS

Plant materials
A number of 41 rice genotypes were used, including Egyptian commercial varieties, promising lines and introduced varieties from different geographic locations, which have been evaluated for drought tolerance (Freeg, 2014) . The names, origin and type of these genotypes and their drought response are presented in Table 1 .
DNA extraction
Genomic DNA was isolated from 21 days old seedlings using the CTAB (Cetyl Try methyl Ammonim Bromide) method described by (Murray and Thompson, 1988) . Quantification of DNA was done by analyzing the DNA on 0.8% agarose gel with lambda (λ) Hind III DNA as standard. Based on the intensity and thickness of genomic DNA bands, as compared to lambda (λ) Hind III DNA, the concentration and quality of DNA in individual samples were determined. The concentration of DNA was adjusted to approximately 15 ng/μl for PCR reaction.
SSR analysis
A number of 15 SSR markers covering all the 12 chromosomes on rice genome were selected for the genetic diversity analysis based on the Gramene Markers Database (http://www. gramene. org/markers). These markers were chosen based on ability to be high polymorphic among rice genotypes in the preliminary screening performed in previous studies and most of them were reported to be related to drought tolerance traits /QTLs. The PCR amplification reactions were done in 10 μl reaction mixtures, containing 1 μl of template DNA, 0.5 μl of each forward and reverse primer, 5 μl of PCR master mix (Ferments) and 3 μl ddH 2 O. Thermal cycler was used with the following PCR profile: an initial denaturation step at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 55°C for 30 seconds and primer elongation at 72°C for 1 min and then a final extension at 2°C for 5 min. Amplified products were stored at -20°C until further use.
Data analysis
The amplified bands were scored for each SSR marker based on the presence or absence of bands, generating a binary data matrix of 1 and 0 for each marker system. Polymorphic information content (PIC) values were calculated for each SSR marker by using the formula described by Anderson et al. (1993) in the following formula: PIC =1 -ΣPij 2 , where pij is the frequency of jth allele at the locus I and summation extends over n alleles. Matrix was then analyzed using the PAST, ver. 1.90 (Hammer et al., 2001) .
The data matrix were used to calculate genetic similarity based on Jaccard's similarity coefficients, and dendrogram displaying relationships among 41 rice genotypes was constructed using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) method. 
RESULTS AND DISCUSSION
Allelic diversity of microsatellite markers A total of 68 alleles were detected of which 61 (89.7%) were polymorphic ( Table 2 ). The number of alleles detected by a single marker ranged from 2 (RM20, RM302 and RM212) to 8 (RM259 and RM260) with an average of 4.71 alleles per locus. The number of alleles per SSR locus detected in this study corresponded well with Sohrarbi et al. High number of alleles was expected to be found when a large number of landraces from a wide range of geographical origins is included in the study (Brondani et al., 2006) . Fig. 1 shows a gel image of amplified fragments produced by primer RM 219, which gave four polymorphic bands ranged from 330 to 450 bp.
There was a positive correlation between the number of alleles detected at a locus and the number of repeats within the targeted microsatellite DNA (r=0.224). Ni et al. (2002) and Yu et al. (2003) found positive correlation between number of alleles amplified and number of repeats within a microsatellite marker. However, no correlations between the number of alleles detected and the number of SSR repeats were found by Behera et al. (2012) , Nguyen et al. (2012) and Sajib et al. (2012) . Cho et al. (2000) and Jain et al. (2004) observed that SSR loci with dinucleotide repeats detected greater number of alleles than those with trinucleotide repeats. The overall size of amplified products ranged from 70 bp (RM20A) to 710bp (RM260). The effective number of alleles per locus ranged from 1.08 (RM219) to 5.01 (RM263) with an average of 2.62. Unique allele, an allele that was observed in only one of the 41 rice genotypes, were identified at six loci in total of 15 loci, with the maximum of three unique alleles in RM219 locus. Nguyen et al. (2012) observed unique alleles at 16 loci in total of 30 loci with the maximum of three unique alleles as they studied the genetic diversity among 41 rice accessions using 30 SSR markers. The names of genotypes which had unique alleles are presented in Table 3 . 
Polymorphism information content (PIC)
The PIC value provides an estimate of discriminating power of the marker. As shown in Table 2 , the PIC values for the 14 polymorphic SSR markers used in this study varied from 0.07 (RM219) to 0.80 (RM222 and RM263) with an average of 0.52. The estimated PIC values were found to be relatively high and thus might be due to higher genetic diversity in the selected genotypes. This result is consistent with Sajib et al. (2012) , who observed tremendous variations in PIC values for all tested SSR loci (from 0.14 to 0.71 with an average of 0.48). Higher averages of PIC values (0.57 and (0.71) were reported by Zeng et al. (2004) and Ram et al. (2007) , respectively. According to Botstein et al. (1980) , there were eight highly informative markers (PIC>0.50), four informative markers (50<PIC<0.25) and two slightly informative markers (PIC<0.25). Highly significant correlation coefficient was found between PIC values and the number of alleles detected per locus (r=0.81**). The higher the number of alleles detected per locus, the higher the PIC value (Behera et al., 2012) . A positive correlation between PIC value and the number of repeats per microsatellite marker was also detected (r=0.243). Similar results were obtained by Ni et al. (2002) .
Similarity and cluster analysis
Genetic similarity coefficients of pair-wise comparisons estimated on the basis of the polymorphic microsatelite loci ranged from 0.225 to 0.913, with an average of 0.499, indicating a wide range of genetic variation among the genotypes. The highest similarity coefficient (0.913) was found between the genotypes L469pB08 and L696, which are both Indica type and drought sensitive genotypes.
While, the lowest similarity coefficient (0.225) was found between IR78875-176-B-2B (Indica type) and Luxor (Japonica type). These results were in agreement with those of Chakravarthi and Naravaneni (2006) , who reported low similarity coefficient between Japonica type and Indica type varieties, and with those of Kanawapee et al. (2011) , who reported relatively high level of similarity between closely related genotypes. The genetic relationship among rice genotypes are presented in a dendrogram, based on informative microsatellite alleles (Fig. 2) .
The 41 genotypes were divided into two groups at 0.44 similarity level. The group A represented most of the drought-sensitive genotypes; it divided into three subgroups at 0.56 similarity level: subgroup A1 contained two genotypes (Japonica background), subgroup A2 contained eight genotypes all of them are Indica type and the third subgroup A3, contained nine genotypes all of them are Japonica. The group B included 22 genotypes, it divided into two subgroups, as B1 and B2, the subgroup B1 contained one genotype, representing the only aromatic genotype among the 41 studied genotypes. The subgroup B2 further divided into three sub-subgroups at 0.56 similarity level: sub-subgroup B2a contained five genotypes. The sub-subgroup B2b included nine genotypes, representing most of the drought tolerant genotypes and the third sub-subgroup B2c contained seven genotypes. The clustering was largely depending on drought tolerance according to absence or presence of the banding by SSR markers rather than genetic background. (Garris et al., 2005) . Siwach et al. (2004) was able to differentiate 24 rice genotypes into two major groups, corresponding to Basmati and non-Basmati types, based on SSR analysis at 50 loci. Cluster analysis based on 32 SSR loci clearly placed 35 Asian rice cultivars into two major groups, i.e. aromatic and non-aromatic coarse grain rice (Pervaiz et al., 2009) . Analysis based on SSR markers was able to divide Indian elite rice cultivars into clusters according to complex physiological characters namely early duration maturity, medium duration maturity and semi deepwater and deepwater rice (Davierwala et al., 2000) . Sohrabi et al. (2013) used 15 SSR markers to study the genetic diversity among 50 upland rice accessions, a dendrogram was constructed and accessions were clustered into seven groups, the most of the accessions were clustered according to their geographical origin.
Identified expected (MAS) markers
The primer RM20A showed its ability to amplify two DNA fragments with different sizes (95 and 70bp), the first fragment was found in 13 genotypes only. Lin et al. (2007) reported that RM20A (on chromosome 12) was associated with leaf rolling trait as indicator of drought tolerance. The results were in agreement with those obtained from the phenotypic studies where this fragment (95bp) was appeared only in tolerant and moderately tolerant genotypes. The primer RM302 recognized also two DNA regions (97bp and 159bp), the smaller one (97bp) was found in 14 genotypes; according to the phenotypic data this band may be associated with drought tolerance. The primer RM212 amplified two DNA fragments (145bp and 355bp), the 355bp fragment was found in the genome of 10 genotypes only, from the phenotypic data this band may be associated with drought tolerance and maximum root length in rice, as it appeared only in tolerant genotypes. Similar results were reported by many authors like McCouch et al. (2002) , who reported that these two primers RM212 and RM302 are located on chromosome 1of rice genome between 135.8 and 143.7 cM. This region has been found to be linked with several drought resistance traits, such as plant height, biomass, deep root mass, leaf drying, relative water content, osmotic adjustment, basal root thickness, tiller number and deep root to shoot ratio, grain yield and panicle length, canopy temperature in IR20/Nootripathu RI lines under drought stress (Boopathi, 2004; Kanagaraj et al., 2010) . RM302 was associated with relative water content (RWC) under water stress in CT9993/IR62266 doubled haploid (DH) lines (Babu, 2003) . RM212 was linked to root depth, penetrated root thickness, deep root to shoot ratio, deep root dry weight, deep root per tiller in CT9993/IR62266 DH lines (Kamoshita et al., 2002) , and root length, root thickness and root weight in Bala/Azucena RI lines of rice (Price et al., 2000) . RM286 amplified three DNA fragments (355, 415 and 520 bp), the smallest one was found in only five genotypes, from the phenotypic data this fragment exist only in tolerant genotypes and it may be associated with drought tolerance in rice. 
CONCLUSION
From the study, it could be concluded that the markers RM20A, RM302, RM212 and RM286 would be useful for more efficient way for selecting drought tolerant lines through MAS approach. The most significant application of these identified major QTLs for drought tolerance is to collect those favorable alleles into elite local line through marker assisted breeding. In addition, the informative and highly informative markers identified in this study could be utilized in further studies for association mapping and marker assisted selection for drought tolerance in Egyptian rice genotypes. 
